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Abstract 
The design and execution of PCFenzyme, software for kinetic analyses of enzyme reaction curves, is described. The 
software was written in Microsoft Visual Basic 6.0, and combined most methods for kinetic analyses of enzyme 
reaction curves developed by our group. Signals recorded for substrate or product concentrations during an enzyme 
reaction, plus necessary information such as the enzyme under test and regular intervals to monitor the reaction curve, 
were recorded in a text file. Such data in the text file were read into computer memory; the reaction curve was plotted 
and displayed on the main window of the software. Important parameters and data ranges of the displayed reaction 
curve were adjustable for analyses. Simulation functions for typical enzyme reactions were included, and the 
resistance of estimated parameters to variations of data ranges on simulation reaction curves was used to aid the 
judgment of the reliability of the software. Results are output to the main window and/or a text file if desired. For 
updating the software, additional subprograms were added and run by “Shell” command in Visual Basic 6.0. This 
software had promise to be used for enzymatic analyses in clinical laboratories in the future.  
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1.  Introduction 
Methods of enzymatic analyses are used to measure enzyme activities, substrate concentrations, kinetic 
parameters, half-life of enzymes in vivo, enzyme inhibitors as environmental hazards and so on. The 
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classical methods of enzymatic analysis measure data of initial rate reactions or equilibrium reactions. 
These data are simple to be processed, but such classical methods of enzymatic analyses tolerate the 
disadvantages of sensitivity to environmental factors, narrow linear ranges, and/or low analysis efficiency.  
Based on chemometrics, our group in the past ten years developed some new methods for estimating 
the activities, kinetic parameters, substrate concentrations and half-life of enzymes by kinetic analyses of 
reaction processes [1-18]. Such methods for kinetic analyses of enzyme reaction curves utilized the 
integrated rate equations with the predictor variables of reaction time to fit reaction curves; they exhibit 
robustness with single-enzyme reaction systems [1-3, 5-18], and show effectiveness to enzyme-coupled 
reaction systems with obvious advantages [4]. Of these methods, some are already patented and some are 
currently under evaluation for patents [18]. 
Our new methods for kinetic analyses of enzyme reaction curves all rely on the use of computer 
programs due to the complexity of data processing. For kinetic analyses of reaction curves of diverse 
enzymes with different kinetic mechanisms, we designed an evaluation version of the software, 
PCFenzyme, using Microsoft Visual Basic 6.0 (Active X 9.0 or later is required to run this software on 
compatible computers), to realize most of our new methods developed in the past ten years. Herein, we 
summarized our ideas to design the software.  
2.  Methods 
2.1 Outlines for designing the software 
The software uses a specified text file to record each reaction curve of an enzyme reaction system, and 
a main window, upon login after simple examination of authorized license, to run the following functions 
(1) selecting a module for evaluation (between simulation and kinetic analysis of reaction curves); (2) 
reading data of a reactive curve from a specified text file, (3) plotting the reaction curve on the main 
window, (4) adjusting/presetting some parameters that should be predetermined, (5) presetting the ranges 
of data for analyses, (6) selecting necessary options, (7) calling specified subprograms for analyses of the 
selected part of the reaction curve, (8) outputting results to the main window or a text file, (9) saving the 
displayed reaction curve and the output results, (10) linking to help information and simulation modules. 
All these functions run upon clicking the corresponding command buttons on the main window.  
2.2 Selection of the source code   
Before 2006, we used QBasic 4.0 to execute our methods for kinetic analyses of an enzyme reaction 
curves [15-17]. Microsoft Visual Basic was competent for evaluation software and our previous 
subprograms can be easily ported to a project written in Microsoft Visual Basic. Therefore, we utilized 
Microsoft Visual Basic 6.0 to write the source code.  
2.3 Methods for kinetic analyses of enzyme reaction curves   
Kinetic analyses of reaction curves had long been studied for estimating parameters of enzyme reaction 
systems [19]. However, these methods tolerated susceptibility to common errors and did not always give 
reliable results. Hence, classical methods for kinetic analysis of reaction curve are not practiced.  
Nonlinear least square fitting of an integrated rate equation, with the predictor variable of reaction time 
or not, to an enzyme reaction curve under analyses is required to realize kinetic analyses of enzyme 
reaction curves. During our continued investigations, we believed that the selection of suitable kinetic 
equation(s) determines the reliability of parameters obtained via kinetic analyses of enzyme reaction 
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curves. In general, an integrated rate equation with the predictor variable of reaction time is required for 
reliable results by kinetic analyses of enzyme reaction curves. As for enzyme reactions of complicated 
kinetics whose integrated rate equations with the predictor variable of reaction time are inaccessible, 
iterative numerical integration of the differential rate equations to generate calculated reaction curves with 
the predictor variable of reaction time for nonlinear least square fitting to a reaction curve under analyses 
without data transformation can be a universal method for kinetic analyses of enzyme reaction curves. 
Details for kinetic analyses of enzyme reaction curves were described below.  
3. Results and discussions 
3.1 Data input and display   
Signals to record enzyme reaction curves are usually obtained with different instruments and their 
dedicated software. For convenience, we converted and stored the original signals proportional to substrate 
or product concentrations of an enzyme reaction solution in a text file to be read into computer memory for 
analyses. In the text file, some common keywords were used to indicate the meanings of recorded data and 
the related parameters of the enzyme under test. The enzyme under test determines which subprogram(s) to 
be called for kinetic analyses of the reaction curve. The regular intervals to record reaction curves are 
included. Additional information related to the sample and conditions is included. Signals proportional to 
substrate or product concentrations for each reaction curve are then appended line-by-line with special 
symbols to label the starting and ending lines (Fig. 1).  
 
Fig. 1 A text file recording a simulated uricase reaction curve 
3.2 Data analyses and result output 
This part is the core of the software. For kinetic analyses of enzyme reaction curves, some factors 
should be considered, including the weighting factors and the approximation of the integrated equation. In 
our experience, weighted fitting can greatly alleviate the effects of outliers in the reaction curve [15-17]. 
Sometimes, parameters should be optimized to analyze reaction curves of an enzyme for enhanced 
reliability of the desired parameters. Therefore, some basic parameters are adjusted with functions in the 
main window, including Michaelis-Menten constant (Km) of an enzyme or the range of Km for nonlinear 
adjusting, the starting and ending points of data for analyses, weighted fitting or unweighted fitting, the 
approximation of a double-substrate reaction as an apparent single-substrate reaction (Fig. 2).  
To analyze an enzyme reaction curve by the methods we developed [1-18], only steady-state reaction 
data of the enzyme of interest are analyzed. Thus, the effects of the starting points and ending points of 
recorded data for analyses should be checked for steady-state reaction. The plot of a reaction curve is 
displayed on the window for eyesight-checking of the steady-state data and original data are listed as well 
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(Fig. 2). The starting and ending points are selected by mouse-clicking or keyboard-inputting. For 
convenience, the data under analyses are labeled with different colors. After all the parameters are preset, 
subprograms are called to perform nonlinear least-square-fitting to reaction curves as described below.  
In each subprogram to analyze the reaction curve of an enzyme with an integrated rate equation using 
the predictor variable of reaction time, original signals within the selected range are converted into 
substrate concentrations. Using the parameters under step-by-step adjustment and other preset parameters, 
substrate concentrations are used for data transformation according to the integrated rate equations with 
the predictor variable of reaction time. After such data transformation, the determination coefficient for 
linear regression is obtained routinely to judge the goodness of fitting. During the step-by-step adjustment 
of the parameters, the set of the parameters to give the best fitting provides the desired parameters [15, 16]. 
 
 
Fig. 2 The main window of PCFenzyme. 
 A reaction curve and results from recent analyses were displayed. 
For an enzyme whose differential rate equations can not be integrated into an analytical form with the 
predictor variable of reaction time, numerical integration of the differential rate equations with a short 
integration step (usually 0.2 s is ok) is used to produce calculated reaction curves with some parameters 
under step-by-step adjustment. Such calculated reaction curves are used for least-square-fitting to the 
reaction curve under analyses. The set of parameters for the best fitting provide the desired parameters [4]. 
This numerical integration strategy has robustness and promise for universal application.  
The software also provides the following featured functions. (a) In order to estimate Km, we used 
nonlinear adjustment of Km within a preset range. A narrower range for nonlinear adjustment of Km saves 
computation time. (b) For approximating bi-substrate reactions of enzymes like gamma-
glutamyltransferase [2] and glutathione-S-transferase [13], the apparent single-substrate reactions can be 
employed if only the concentrations of one substrate are changing and concentrations of other substrates 
are kept constant. Therefore, some options are activated to select the approximated equations when the 
information of such enzymes is added in the text files to be read into memory. (c) When there are some 
special parameters for adjusting, some options are activated on the window. (d) Information of the sample 
and assay conditions is shown on the window when applicable; this type of information is important for 
adjusting parameters. (e) Results for recent analyses are displayed in a list, they can become invisible 
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when desired (Fig. 2). Results can also be saved in a text file as an option. (f) Simulation functions are 
provided by clicking the command buttons that link to other windows. Subprograms for most enzyme 
reactions we simulated before are provided [4, 8, 15, 16].  
3.3 Updating the software 
We adopted two approaches to update the software. One is to directly write the source codes of each 
new subprogram that is called for action when needed; this approach is used in the current version. The 
other is the adding-in of independent executable subprograms and such executable subprograms are called 
for action by using the “Shell” command, which will be included in the software in the future and is 
expected to have the enhanced compatibility.  
Each reaction curve under analyses and the results output from the software can be combined into 
database like Microsoft Access 6.0. The linkage of the software to Microsoft Access is realized already 
but is not included in the evaluation version. 
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